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Description

[0001] The present invention relates to a tip unit for a
lightning protection system for a wind turbine blade,
which tip unit comprises a tip receptor and at least one
side receptor embedded together into one unit covered
by an electrically insulating material.

Background of the invention

[0002] Most known lightning protection systems for
wind turbine blades comprise one or more internally ar-
ranged down conductors and a number of lightning re-
ceptors arranged on the external surface of the blade.
[0003] It is a well-known problem of such systems, that
lightning strikes do not only attach to the wind turbine
blade in the intended positions, i.e. on the external at-
tachment points, the so-called lightning receptors, but
can also strike the internal conductive parts of the light-
ning protection system directly through the structure of
the blade. Such incidents can cause severe structural
damage to the wind turbine blade due to the large
amounts of energy typically released in relation to light-
ning impacts.
[0004] Another well-known problem is that external
lightning receptors of lightning protection systems can
be damaged by lightning impacts and that, therefore, the
lifetime of such receptors is limited, depending on the
number of lightning impacts to which they are subjected.
[0005] WO 02/48546 A1 discloses a wind turbine rotor
blade, which in its tip is provided with a lightning receptor
and a drain passage connecting the blade interior with
the blade exterior, the drain passage and the lightning
receptor having a common interface.
[0006] NL 2 010 553 C discloses a tip unit for a lightning
protection system comprising an electrically conducting
tip, a side receptor base, a side receptor, an internal tip
unit conductor and a down conductor.

Brief description of the invention

[0007] It is an object of the present invention to provide
a tip solution for a lightning protection system for a wind
turbine blade, which overcomes at least partly the above-
mentioned disadvantages of solutions known in the art.
[0008] The present invention relates to a fully insulated
tip unit for a lightning protection system for a wind turbine
as specified in claim 1. Said tip unit comprising an elec-
trically conducting tip for a wind turbine blade, which tip
consists of an external part and an internal part, the ex-
ternal part forming a tip receptor, at least one side recep-
tor base made from an electrically conducting material
for mechanical mounting of one or more side receptors
arranged on the external surface of the blade in such a
way that electrical connection is established between the
respective side receptor(s) and the side receptor base(s),
an internal tip unit conductor for forming an electrical con-
nection between the internal part of the tip receptor and

the side receptor base(s), an insulated electric cable for
forming the outermost part of a down conductor extend-
ing internally within the wind turbine blade in the longitu-
dinal direction thereof from the at least one side receptor
base towards the root end of the blade, and a connection
element for establishing electrical connection between
the insulated electric cable and the other conducting
parts of the tip unit, wherein the internal part of the tip,
the side receptor base(s), the internal tip conductor, the
connection element and one end of the insulated electric
cable are all embedded by casting in an insulating ma-
terial leaving only the external part of the tip and the other
end of the insulated electric cable uncovered by the in-
sulating material.
[0009] By using a tip unit configured as described
above, it is obtained that the risk of impact of lightning
strikes directly to the internal parts of the lightning pro-
tection system, i.e. through the wind turbine blade struc-
ture, is eliminated or at least significantly reduced in the
tip part of the wind turbine blade.
[0010] In an embodiment of the invention, the insulated
electric cable is an unshielded high-voltage cable.
[0011] The use of a high-voltage cable is advanta-
geous in that such cables are provided with the sufficient
cable insulation for withstanding large potential differenc-
es like the ones occurring in the case of impact of a light-
ning strike.
[0012] According to the invention, the connection ele-
ment is integrated in the at least one side receptor base
in the form of a through-bore.
[0013] Integration of the connection element in a side
receptor base results in a lower number of components
and less points of electric connections within the tip unit.
[0014] In an embodiment of the invention, the internal
tip unit conductor is formed by a part of the insulated
electric cable.
[0015] Letting a part of the insulated cable form the
internal tip unit conductor results in a lower number of
components and less points of electric connections within
the tip unit.
[0016] In an embodiment of the invention, the cable
insulation has been removed from the part of the insu-
lated electric cable forming the internal tip unit conductor.
Removing the cable insulation from the part of the insu-
lated electric cable forming the internal tip unit conductor
facilitates an easier and simpler production process for
the tip unit.
[0017] In an embodiment of the invention, the distance
between the outermost point of the external part of the
tip and the centre of the side receptor base nearest the
tip is between 0.3 meters and 2 meters, preferably be-
tween 0.8 meters and 1.2 meters. The described distance
ranges allows for an optimised distance between the tip
receptor and the closest side receptor of the wind turbine
blade.
[0018] In an embodiment of the invention, the distance
between the centre of the side receptor base furthest
away from the tip and the point where the insulated elec-
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tric cable leaves the cast part of the tip unit is between
0.1 meters and 0.5 meter, preferably between 0.15 me-
ters and 0.3 meters.
[0019] The described distance ranges have proven to
ensure the sufficient protection against direct lightning
strikes impact to the internal parts of the tip unit.
[0020] In an embodiment of the invention, the external
part of the tip is releasably attached to the remaining part
of the tip unit.
[0021] The use of a releasably attached external part
of the tip allows for replacement of the external part, i.e.
of the tip receptor of the lightning protection system, if it
has been damaged destroyed by the impact of too many
and/or too severe lightning strikes.
[0022] In an embodiment of the invention, the external
part and the internal part of the tip are integrated into one
common part.
[0023] Integrating the external and the internal parts
of the tip unit into one common part results in a lower
number of components and less points of electric con-
nections within the tip unit.
[0024] In an embodiment of the invention, the tip unit
is attached to the wind turbine blade by the means of an
adhesive.
[0025] Using an adhesive for attaching the tip unit to
the wind turbine blade means that no structural part of
the wind turbine blade needs to be penetrated or in other
ways weakened in relation to the attachment.
[0026] In an embodiment of the invention, the insula-
tion material used for the casting comprises at least one
material from the list comprising: polymeric materials,
polymer nanocomposites, thermoplastic materials, ther-
moset materials, insulating foams or any combination
thereof.
[0027] The described types of materials have proven
to comprise a number of materials with the required me-
chanical and electrical properties needed for this pur-
pose.
[0028] In an embodiment of the invention, the minimum
thickness of the cast insulation material is between 3 mm
and 30 mm, preferably between 5 mm and 15 mm.
[0029] The described thickness ranges have proven
to ensure the sufficient insulation for avoiding direct light-
ning strikes impact to the internal parts of the tip unit.
[0030] In an embodiment of the invention, the insula-
tion material used for the casting is dimensioned to with-
stand potential differences of at least 20 kV, preferably
at least 200 kV between the outer surface of the tip unit
and the conducting parts inside the tip unit.
[0031] Protection against potential differences within
the described ranges has proven to be sufficient for ob-
taining the desired protection against direct impact of
lightning strikes to the internal parts of the tip unit.
[0032] In an embodiment of the invention, the external
part of the tip consists at least partly of copper or a copper
alloy.
[0033] The use of copper ensures a very high electric
conductivity, high thermal conductivity and, hence, ex-

cellent properties for handling the arc attachment proc-
ess. Furthermore, the use of copper enables for using
exothermic welding processes on the external part of the
tip.
[0034] In an embodiment of the invention, the external
part of the tip consists at least partly of Tungsten Carbide.
[0035] The use of Tungsten Carbide ensures high elec-
tric conductivity, high thermal conductivity, very high
melting temperature and, hence, low susceptance to
charge erosion from the lightning strike. Particularly,
coatings of Tungsten Carbide applied on other materials
have a proven high performance to the long stroke com-
ponents. The chemical stability of Carbides is high,
meaning that the risk of corrosion-related problems is
greatly reduced.
[0036] In an embodiment of the invention, the external
part of the tip consists at least partly of steel.
[0037] The use of steel ensures a very high mechanical
strength and reduces the risk of corrosion-related prob-
lems at a relatively low cost. Furthermore, the use of steel
enables for using exothermic welding processes.
[0038] In an embodiment of the invention, the external
part of the tip consists at least partly of aluminium.
[0039] The use of aluminium allows easy mechanical
processing at a relatively low cost.
[0040] In an embodiment of the invention, the internal
part of the tip consists at least partly of iron.
[0041] The use of iron ensures a high mechanical
strength and allows easy mechanical processing at a rel-
atively low cost. Furthermore, the use of iron enables for
using exothermic welding processes.
[0042] In an embodiment of the invention, the internal
part of the tip consists at least partly of copper.
[0043] The use of copper ensures a very high electric
conductivity and reduces the risk of corrosion-related
problems. Furthermore, the use of copper enables for
using exothermic welding processes on the external part
of the tip.
[0044] In an embodiment of the invention, the internal
part of the tip consists at least partly of brass.
[0045] The use of brass means that at least some of
the advantageous properties of copper can be obtained
at lower costs and with a less ductile material. The use
of corrosion-resistant brass ensures good compliance
with harsh environments.
[0046] In an embodiment of the invention, the internal
tip unit conductor is mechanically and electrically con-
nected to the internal part of the tip by means of exother-
mic welding.
[0047] The use of exothermic welding results in a very
strong mechanical connection and ensures a very good
electric connection.
[0048] In an embodiment of the invention, the internal
part of the tip consists at least partly of aluminium.
[0049] The use of aluminium allows easy mechanical
processing at a relatively low cost.
[0050] In an embodiment of the invention, the internal
tip unit conductor is mechanically and electrically con-
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nected to the internal part of the tip by means of a crimped
connection, such as Contact Mandrel Crimping.
[0051] The use of Contact Mandrel Crimping results in
a cost efficient mechanical and electric connection.
[0052] In an embodiment of the invention, the at least
one side receptor base consists at least partly of alumin-
ium.
[0053] The use of aluminium allows easy mechanical
processing at a relatively low cost.
[0054] In an embodiment of the invention, the internal
tip unit conductor and/or the insulated electric cable are
mechanically and electrically connected to the at least
one side receptor base by means of Contact Mandrel
Crimping.
[0055] The use of Contact Mandrel Crimping results in
a cost efficient mechanical and electric connection.
[0056] In an embodiment of the invention, the internal
tip unit conductor and/or the insulated electric cable are
mechanically and electrically connected to the at least
one side receptor base by means of exothermic welding.
[0057] The use of exothermic welding results in a very
strong mechanical connection and ensures a very good
electric connection.
[0058] In an embodiment of the invention, wherein the
insulated electric cable is terminated in a cable lug, which
is bolted onto a side receptor base.
[0059] The use of a bolted cable lug results in a cost
efficient and secure mechanical and electric connection.
[0060] In an embodiment of the invention, the desired
outer geometry and dimensions of the tip unit for being
used in a specific type of wind turbine blades is obtained
through customisation of a standardised tip unit having
a certain predefined geometry and minimum dimensions
by adding extra material to the outer surface of the stand-
ardised tip unit.
[0061] The use of a customised standardised tip unit
allows for a more standardised and, thereby, more cost
efficient production.
[0062] In an embodiment of the invention, the added
extra material is the same insulating material as is used
for the casting of the tip unit and the casting of the tip unit
and the addition of the extra material are done in one
single process.
[0063] Adding the extra material as a part of the casting
process results in a simpler and more cost-efficient pro-
duction.
[0064] In an embodiment of the invention, the added
extra material is a foam material added to fill up the cavity
between the inner shell of a wind turbine blade and a
standardised tip unit arranged therein.
[0065] Adding the extra material after arranging the
standardised tip unit in the wind turbine blade increases
the flexibility of the use of the tip unit in different types of
wind turbine blades.
[0066] In another aspect of the invention, it relates to
a wind turbine blade comprising a tip unit as described
above.

Figures

[0067] In the following, a few exemplary embodiments
of the invention are described in further detail with refer-
ence to the figures, of which

Fig. 1 is a schematic view of the tip part of a wind
turbine blade with a tip unit according to
an embodiment of the invention,

Fig. 2a is a perspective view of a tip unit accord-
ing to an embodiment of the invention,
from which the insulating material has
been removed,

Fig. 2b is a perspective view of the tip unit shown
in Fig. 2a including the insulating material,

Fig. 3a is a side view of the tip unit shown in Fig.
2b,

Fig. 3b is a cross-sectional view of the tip unit
shown in Fig. 3a,

Fig. 4a is a schematic view of the internal part of
a tip of a tip unit according to a first em-
bodiment of the invention,

Fig. 4b is a schematic view of the internal part of
a tip of a tip unit according to a second
embodiment of the invention,

Fig. 4c is a schematic view of the internal part of
a tip of a tip unit according to a third em-
bodiment of the invention,

Fig. 5 is a schematic view of a side receptor
base according to an embodiment of the
invention,

Figs. 6a-6b illustrate schematically the making of the
mechanical and electrical connection be-
tween the side receptor base shown in
Fig. 5 and other electrically conducting
parts of a tip unit according to an embod-
iment of the invention,

Figs. 6c-6d are schematic cross-sectional views of
the mechanical and electrical connection
between the side receptor base shown in
Fig. 5 and other electrically conducting
parts of a tip unit according to two different
embodiments of the invention, and

Figs. 7a-7b are schematic cross-sectional views of
the mechanical connection between the
side receptor base part of the tip unit and
the wind turbine blade shells according to
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an embodiment of the invention.

Detailed description of the invention

[0068] Fig. 1 shows how a tip unit 1 according to an
embodiment of the invention may be arranged at the tip
end of a wind turbine blade 2. Preferably, the tip unit 1
is attached to the wind turbine blade 2 by means of a
suitable adhesive, such as 2-component epoxy adhe-
sives, fast curing polyurethane adhesives, 2-component
polyurethane adhesives, 2-component curing acrylate
adhesives or other polymeric adhesives.
[0069] The tip unit 1, which is described in further detail
below with reference to Figs. 2a and 2b is arranged with
its longitudinal axis at least substantially parallel with the
longitudinal axis of the wind turbine blade 2 in such a way
that the external part 4 of the tip 3 forms the tip of the
wind turbine blade 2 and the insulated cable 9 forms the
outermost part of a down conductor 10 extending along
the longitudinal axis of the wind turbine blade 2 in the
direction of the root end thereof.
[0070] Fig. 2a is a perspective overview of a tip unit 1
according to an embodiment of the invention, from which
the insulating material 13 has been removed. The illus-
trated tip unit 1 comprises four electrically conducting
elements, namely an external 4 and an internal part 5 of
the tip 3, which is electrically and mechanically connected
to a side receptor base 6 through an internal tip unit con-
ductor 8. The internal tip unit conductor 8 is connected
to the side receptor base 6 by means of a connection
element 12 integrated therein. An insulated electric cable
9, which forms the outermost part of a down conductor
10 of the lightning protection system of the wind turbine
blade 2, is connected to the side receptor base 6 by
means of the same connection element 12. Thus, all the
electrically conducting parts 5, 6, 8, 9 of the tip unit 1 are
electrically and mechanically connected to each other.
[0071] Fig. 2b shows the same tip unit 1 as Fig. 2a with
the exception, that now the insulating material 13 has not
been removed. Thus, apart from the part of the insulated
electric cable 9 forming the down conductor 10 from the
tip unit 1 and inwards towards the root end of the wind
turbine blade 2 and an end part of the internal part 5 of
the tip 3, all electrically conducting parts 5, 6, 8, 9 of the
tip unit 1 are fully covered by an electrically insulating
material 13, such as polymer nanocomposites, thermo-
plastic materials, thermoset materials insulating foams
or any combination thereof. The thickness, geometry and
material properties of this insulating material 13 is dimen-
sioned to withstand the environmental conditions (vibra-
tions, temperatures, temperature cycles, humidity, etc.)
and the electric fields during lightning exposure and nor-
mal operation of the wind turbine blade.
[0072] Thus, there are only two ways, in which a light-
ning strike can reach the internal parts 5, 6, 8, 9 of the
tip unit 1 and, thereby the part of the down conductor 10
extending through this part of the wind turbine blade 2.
One is through a tip receptor of the lightning protection

system formed by an external part 4 of the tip 3, which
is connected mechanically and electrically to the internal
part 5 of the tip 3 through the end part thereof, which is
not covered by the electrically insulating material 13. The
other way is through a side receptor 7 (not shown in this
figure), which is arranged on the outer surface of the shell
or to be flush with the shell surface of the wind turbine
blade 2 and is not a part of the tip unit 1 itself. The side
receptor 7 is mechanically and electrically connected to
the side receptor base 6 through penetration of the shell
24 (not shown in this figure) of the wind turbine blade 2
and the electrically insulating material 13 covering the
side receptor base 6. The fact that lightning strikes can
only reach the internal lightning protection system
through the tip receptor and side receptor 7 arranged on
the outer surface of the wind turbine blade 2 means that
no lightning strikes pass through the structural parts of
this part of the wind turbine blade 2. Thereby, the risk of
damage or even destruction of the structural parts of the
tip of the wind turbine blade 2 is eliminated or at least
significantly reduced.
[0073] At the ends of the cylinder-shaped parts of the
tip unit 1 around the side receptor base 6, the insulating
material 13 forms recesses in its surface for the place-
ment of an adhesive material 23 (not shown in this figure)
as described in further detail below with reference to Figs.
8a and 8b.
[0074] Figs. 3a and 3b are a side view and a cross-
sectional view, respectively of the tip unit 1 shown in Fig.
2b.
[0075] Fig. 4a is a schematic view of the internal part
5 of a tip 3 of a tip unit 1 according to a first embodiment
of the invention. Depending on the electrically conducting
material, from which the internal part 5 of the tip 3 is
made, the internal tip unit conductor 8 can by mechani-
cally and electrically connected to it using different meth-
ods, such as exothermic welding or crimped connections,
for instance Contact Mandrel Crimping.
[0076] Fig. 4b is a schematic view of the internal part
5 of a tip 3 of a tip unit 1 according to a second embod-
iment of the invention. This embodiment differs from the
one shown in Fig. 4a by the fact that the internal part 5
of the tip 3 is provided with a flange 14 for facilitating the
attachment of an external part 4 (not shown) of the tip 3.
[0077] Fig. 4c is a schematic view of the internal part
5 of a tip 3 of a tip unit 1 according to a third embodiment
of the invention. In this embodiment, the internal part 5
of the tip 3 is provided with a couple of mounting holes
15 for attachment of an external part 4 (not shown) of the
tip 3.
[0078] Fig. 5 is a perspective view of a side receptor
base 6 of a tip unit 1 according to an embodiment of the
invention. Basically, the side receptor base 6 consists of
a cylinder made of an electrically conducting material,
such as for instance copper or aluminium. In the illustrat-
ed embodiment, a connection element 12 is integrated
in the side receptor base 6 in the form of a through-bore
12. A recess 16 is made in the surface of the cylinder
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parallel to and in short distance from the through-bore
12 for making access for a pressing tool 18 (not shown
in this figure) as described in further detail below in rela-
tion to Figs. 6a and 6b. A side receptor 7 (not shown in
this figure) can be mechanically and electrically connect-
ed to the side receptor base 6 by drilling/screwing a part
of it into an end surface 17 of the side receptor base 6
through penetration of the shell of the wind turbine blade
2 and the electrically insulating material 13 covering the
tip unit 1.
[0079] Fig. 6a and 6b illustrate schematically the mak-
ing of the mechanical and electrical connection between
the side receptor base 6 shown in Fig. 5 and the internal
tip unit conductor 8 and the insulated electric cable 9 of
a tip unit 1 according to an embodiment of the invention.
[0080] The conducting parts 8, 9 are placed in the con-
nection element 12 formed by the through-bore in the
side receptor base 6, and a pressing tool 21 is used to
press the relatively thin wall between the recess 16 and
the through-bore 12 against the internal tip unit conductor
8 and the insulated electric cable 9, whereby a solid and
reliable mechanical and electrical connection is formed
between the side receptor base 6 and these conducting
parts 8, 9. The work of the pressing tool 21 is illustrated
schematically by the press marks 22 in Fig. 6b.
[0081] The two end surfaces of the cylinder forming
the side receptor base 6 in the embodiment shown in Fig.
6a are slightly slanted in order to be aligned with the
surfaces of the inner shell parts of the wind turbine blade
2 (not shown in this figure) when the tip unit 1 is mounted
therein.
[0082] Figs. 6c-6d are schematic cross-sectional
views of the mechanical and electrical connection be-
tween the side receptor base 6 shown in Fig. 5 and other
electrically conducting parts 8, 9 of a tip unit 1 according
to two different embodiments of the invention.
[0083] In the first embodiment illustrated in Fig. 6c, the
internal tip unit conductor 8 and the insulated electric
cable 9 consist of two different parts placed into through-
bore forming the connection element 12 from the two
ends thereof, respectively. In the other embodiment il-
lustrated in Fig. 6d, on the other hand, the internal tip unit
conductor 8 and the insulated electric cable 9 are formed
by the same physical cable passing all the way through
the through-bore forming the connection element 12.
[0084] Figs. 7a-7b are schematic cross-sectional
views of the mechanical connection between the side
receptor base 6 part of the tip unit 1 and the wind turbine
blade shells 24 according to an embodiment of the in-
vention.
[0085] An adhesive material 23 is placed in the recess-
es 20 formed in the insulating material 13 at both ends
of the cylinder-shaped part of the tip unit 1 containing the
side receptor base 6 as illustrated in Fig. 7a. When the
tip unit 1 is arranged between the wind turbine blade
shells 24 as indicated in Fig. 7b, this adhesive material
23 ensures airtight connections between the tip unit 1
and the wind turbine blade shells 24.

[0086] This means that no air or water can reach a side
receptor 7, which is mechanically and electrically con-
nected to the side receptor base 6 through penetration
of the shell 24 of the wind turbine blade 2, the adhesive
material 23 and the electrically insulating material 13 cov-
ering the side receptor base 6. Thereby, the risk of cor-
rosion problems related to the installation of the side re-
ceptor 7 and the risk of internal discharges from the oth-
erwise exposed parts of the side receptor 7 within the
wind turbine blade shell 24 are significantly reduced.

List of reference numbers

[0087]

1. Tip unit
2. Wind turbine blade
3. Tip for wind turbine blade
4. External part of tip
5. Internal part of tip
6. Side receptor base
7. Side receptor
8. Internal tip unit conductor
9. Insulated electric cable
10. Down conductor
11. Root end of wind turbine blade
12. Connection element
13. Insulating material
14. Flange for mounting of external part of tip
15. Mounting holes for external part of tip
16. Recess for pressing tool access
17. Surface for mounting of side receptor
18. Pressing tool
19. Additional insulating material
20. Surface with recess for adhesive
21. Pressing tool
22. Press mark
23. Adhesive material
24. Wind turbine blade shell

Claims

1. A fully insulated tip unit (1) for a lightning protection
system for a wind turbine blade (2), said tip unit com-
prising

an electrically conducting tip (3) for a wind tur-
bine blade, which tip consists of an external part
(4) and an internal part (5), the external part
forming a tip receptor,
at least one side receptor base (6) made from
an electrically conducting material for mechan-
ical mounting of one or more side receptors (7)
arranged on the external surface of the blade in
such a way that electrical connection is estab-
lished between the respective side receptor(s)
and the side receptor base(s),
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an internal tip unit conductor (8) for forming an
electrical connection between the internal part
of the tip receptor and the side receptor base(s),
an insulated electric cable (9) for forming the
outermost part of a down conductor (10) extend-
ing internally within the wind turbine blade in the
longitudinal direction thereof from the at least
one side receptor base towards the root end (11)
of the blade, and
a connection element (12) is integrated in at
least one side receptor base (6) in the form of a
through-bore (12) for establishing electrical con-
nection between the insulated electric cable and
the other conducting parts of the tip unit,

wherein the internal part of the tip, the side receptor
base(s), the internal tip conductor, the connection
element and one end of the insulated electric cable
are all embedded by casting in an insulating material
(13) leaving only the external part of the tip and the
other end of the insulated electric cable uncovered
by the insulating material.

2. The tip unit according to claim 1, wherein the insu-
lated electric cable is an unshielded high-voltage ca-
ble.

3. The tip unit according to claim 1, wherein the internal
tip unit conductor is formed by a part of the insulated
electric cable.

4. The tip unit according to claim 3, wherein the cable
insulation has been removed from the part of the
insulated electric cable forming the internal tip unit
conductor.

5. The tip unit according to any of the preceding claims,
wherein the external part of the tip is releasably at-
tached to the remaining part of the tip unit.

6. The tip unit according to any of claims 1-3, wherein
the external part and the internal part of the tip are
integrated into one common part.

7. The tip unit according to any of the preceding claims,
wherein the tip unit is attached to the wind turbine
blade by the means of an adhesive.

8. The tip unit according to any of the preceding claims,
wherein the insulation material used for the casting
comprises at least one material from the list com-
prising: polymeric materials, polymer nanocompos-
ites, thermoplastic materials, thermoset materials,
insulating foams or any combination thereof.

9. The tip unit according to any of the preceding claims,
wherein the external part of the tip consists at least
partly of copper or a copper alloy.

10. The tip unit according to any of the preceding claims,
wherein the external part of the tip consists at least
partly of steel.

11. The tip unit according to any of the preceding claims,
wherein the external part of the tip consists at least
partly of aluminium.

12. The tip unit according to any of the preceding claims,
wherein the internal part of the tip consists at least
partly of brass.

13. The tip unit according to any of the preceding claims,
wherein the internal part of the tip consists at least
partly of aluminium.

14. The tip unit according to claim 13, wherein the inter-
nal tip unit conductor is mechanically and electrically
connected to the internal part of the tip by means of
a crimped connection, such as Contact Mandrel
Crimping.

15. The tip unit according to any of the preceding claims,
wherein the at least one side receptor base consists
at least partly of aluminium.

16. The tip unit according to claim 15, wherein the inter-
nal tip unit conductor and/or the insulated electric
cable are mechanically and electrically connected to
the at least one side receptor base by means of Con-
tact Mandrel Crimping.

17. The tip unit according to any of the preceding claims,
wherein the desired outer geometry and dimensions
of the tip unit for being used in a specific type of wind
turbine blades is obtained through customisation of
a standardised tip unit having a certain predefined
geometry and minimum dimensions by adding extra
material to the outer surface of the standardised tip
unit.

18. The tip unit according to claim 17, wherein the added
extra material is the same insulating material as is
used for the casting of the tip unit and wherein the
casting of the tip unit and the addition of the extra
material are done in one single process.

19. The tip unit according to claim 17, wherein the added
extra material is a foam material added to fill up the
cavity between the inner shell of a wind turbine blade
and a standardised tip unit arranged therein.

20. A wind turbine blade (2) comprising a tip unit (1) ac-
cording to any of the preceding claims.
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Patentansprüche

1. Vollständig isolierte Spitzeneinheit (1) für ein Blitz-
schutzsystem für eine Windturbinenschaufel (2), wo-
bei die Spitzeneinheit Folgendes umfasst

eine elektrisch leitende Spitze (3) für eine Wind-
turbinenschaufel, wobei die Spitze aus einem
äußeren Teil (4) und einem inneren Teil (5) be-
steht, wobei der äußere Teil eine Spitzenauf-
nahme bildet,
mindestens eine aus einem elektrisch leitenden
Material hergestellte seitliche Aufnahmebasis
(6) zur mechanischen Halterung einer oder
mehrerer Seitenaufnahmen (7), die derart auf
der Außenfläche der Schaufel angeordnet sind,
dass eine elektrische Verbindung zwischen
der/den jeweiligen seitlichen Aufnahme(n) und
der/den Seitenaufnahmebasis/-basen herge-
stellt wird,
einen inneren Spitzeneinheitsleiter (8) zum Bil-
den einer elektrischen Verbindung zwischen
dem inneren Teil der Spitzenaufnahme und
der/den seitlichen Aufnehmerbasis/-basen,
ein isoliertes elektrisches Kabel (9) zum Bilden
des äußersten Teils eines Ableiters (10), der
sich innerhalb der Windturbinenschaufel in de-
ren Längsrichtung von der mindestens einen
seitlichen Aufnahmebasis zu dem Fußende (11)
der Schaufel erstreckt, und
ein Verbindungselement (12) in mindestens ei-
ner seitlichen Aufnahmebasis (6) integriert ist,
in Form einer Durchgangsbohrung (12) zur Her-
stellung einer elektrischen Verbindung zwi-
schen dem isolierten elektrischen Kabel und
den anderen leitenden Teilen der Spitzenein-
heit,
wobei der innere Teil der Spitze, die seitliche(n)
Aufnahmebasis/-basen, der innere Spitzenlei-
ter, das Verbindungselement und ein Ende des
isolierten elektrischen Kabels alle durch Gießen
in ein Isolationsmaterial (13) eingebettet sind,
so dass nur der äußere Teil der Spitze und das
andere Ende des isolierten elektrischen Kabels
von dem Isoliermaterial unbedeckt bleiben.

2. Spitzeneinheit nach Anspruch 1, wobei das isolierte
elektrische Kabel ein ungeschirmtes Hochspan-
nungskabel ist.

3. Spitzeneinheit nach Anspruch 1, wobei der innere
Spitzeneinheitsleiter durch einen Teil des isolierten
elektrischen Kabels gebildet ist.

4. Spitzeneinheit nach Anspruch 3, wobei die Kabeli-
solierung von dem Teil des isolierten elektrischen
Kabels entfernt worden ist, der den inneren Spitze-
neinheitsleiter bildet.

5. Spitzeneinheit nach einem der vorhergehenden An-
sprüche, wobei der äußere Teil der Spitze lösbar an
dem verbleibenden Teil der Spitzeneinheit ange-
bracht ist.

6. Spitzeneinheit nach einem der Ansprüche 1 bis 3,
wobei der äußerliche Teil und der innere Teil der
Spitze in einem gemeinsamen Teil integriert sind.

7. Spitzeneinheit nach einem der vorhergehenden An-
sprüche, wobei die Spitzeneinheit mittels eines Kleb-
stoffs an der Windturbinenschaufel angebracht ist.

8. Spitzeneinheit nach einem der vorhergehenden An-
sprüche, wobei das für das Gießen verwendete Iso-
lationsmaterial mindestens ein Material aus der Liste
umfasst, die Folgendes umfasst: Polymermateriali-
en, Polymer-Nanokomposite, Thermoplastmateria-
lien, Duroplastmaterialien, isolierende Schäume
oder eine Kombination davon.

9. Spitzeneinheit nach einem der vorhergehenden An-
sprüche, wobei der äußere Teil der Spitze zumindest
teilweise aus Kupfer oder einer Kupferlegierung be-
steht.

10. Spitzeneinheit nach einem der vorhergehenden An-
sprüche, wobei der äußere Teil der Spitze zumindest
teilweise aus Stahl besteht.

11. Spitzeneinheit nach einem der vorhergehenden An-
sprüche, wobei der äußere Teil der Spitze zumindest
teilweise aus Aluminium besteht.

12. Spitzeneinheit nach einem der vorhergehenden An-
sprüche, wobei der innere Teil der Spitze zumindest
teilweise aus Messing besteht.

13. Spitzeneinheit nach einem der vorhergehenden An-
sprüche, wobei der innere Teil der Spitze zumindest
teilweise aus Aluminium besteht.

14. Spitzeneinheit nach Anspruch 13, wobei der innere
Spitzeneinheitsleiter mechanisch und elektrisch mit
dem inneren Teil der Spitze mittels einer Crimpver-
bindung, wie z.B. Crimpen mit Kontaktdorn, verbun-
den ist.

15. Spitzeneinheit nach einem der vorhergehenden An-
sprüche, wobei die mindestens eine seitliche Auf-
nahmebasis zumindest teilweise aus Aluminium be-
steht.

16. Spitzeneinheit nach Anspruch 15, wobei der innere
Spitzeneinheitsleiter und/oder das isolierte elektri-
sche Kabel mechanisch und elektrisch mit der min-
destens einen seitlichen Aufnahmebasis durch
Crimpen mit Kontaktdorn verbunden sind.
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17. Spitzeneinheit nach einem der vorhergehenden An-
sprüche, wobei die gewünschte äußere Geometrie
und Abmessungen der Spitzeneinheit zur Verwen-
dung in einem spezifischen Typ von Windturbinen-
schaufeln durch eine Anpassung einer standardi-
sierten Spitzeneinheit mit einer bestimmten vordefi-
nierten Geometrie und Mindestabmessungen durch
Hinzufügen von zusätzlichem Material zur äußeren
Oberfläche der standardisierten Spitzeneinheit er-
halten werden.

18. Spitzeneinheit nach Anspruch 17, wobei das hinzu-
gefügte zusätzliche Material das gleiche Isolations-
material ist, das zum Gießen der Spitzeneinheit ver-
wendet wird, und wobei das Gießen der Spitzenein-
heit und das Hinzufügen des zusätzlichen Materials
in einem einzigen Vorgang erfolgen.

19. Spitzeneinheit nach Anspruch 17, wobei das hinzu-
gefügte zusätzliche Material ein Schaummaterial ist,
das hinzugefügt wird, um den Hohlraum zwischen
der Innenschale einer Windturbinenschaufel und ei-
ner darin angeordneten standardisierten Spitzenein-
heit auszufüllen.

20. Windturbinenschaufel (2), umfassend eine Spitzen-
einheit (1) nach einem der vorhergehenden Ansprü-
che.

Revendications

1. Unité de pointe entièrement isolée (1) pour un sys-
tème de protection contre la foudre pour une pale
d’éolienne (2), ladite unité de pointe comprenant

une pointe électriquement conductrice (3) pour
une pale d’éolienne, ladite pointe étant consti-
tuée d’une partie externe (4) et une partie interne
(5), la partie externe formant un récepteur de
pointe,
au moins une base réceptrice latérale (6) réali-
sée d’un matériau électriquement conducteur
pour le montage mécanique d’un ou de plusieurs
récepteurs latéraux (7) arrangés sur la surface
externe de la pale de telle manière qu’une con-
nexion électrique est établie entre le ou les ré-
cepteurs latéraux respectifs et la ou les bases
réceptrices latérales,
un conducteur d’unité de pointe interne (8) pour
former une connexion électrique entre la partie
interne du récepteur de pointe et la ou les bases
réceptrices latérales,
un câble électrique isolé (9) pour former la partie
la plus à l’extérieur d’un conducteur de descente
(10) s’étendant à l’intérieur de la pale d’éolienne
dans la direction longitudinale de celle-ci depuis
au moins une base réceptrice latérale vers l’ex-

trémité de pied (11) de la pale, et
un élément de connexion (12) étant intégré dans
au moins une base réceptrice latérale (6) dans
la forme d’un alésage traversant (12) pour établir
une connexion électrique entre le câble électri-
que isolé et les autres parties conductrices de
l’unité de pointe,
dans laquelle la partie interne de la pointe, la ou
les bases réceptrices latérales, le conducteur
d’unité de pointe interne, l’élément de connexion
et une extrémité du câble électrique isolé sont
tous noyés par coulée dans un matériau isolant
(13) ne laissant que la partie externe de la pointe
et l’autre extrémité du câble électrique isolé dé-
couvertes par le matériau isolant.

2. Unité de pointe selon la revendication 1, dans la-
quelle le câble électrique isolé est un câble haute
tension non blindé.

3. Unité de pointe selon la revendication 1, dans la-
quelle le conducteur d’unité de pointe interne est for-
mé par une partie du câble électrique isolé.

4. Unité de pointe selon la revendication 3, dans la-
quelle l’isolation de câble a été retirée de la partie
du câble électrique isolé formant le conducteur d’uni-
té de pointe interne.

5. Unité de pointe selon l’une quelconque des reven-
dications précédentes, dans laquelle la partie exter-
ne de la pointe est fixée de manière amovible à la
partie restante de l’unité de pointe.

6. Unité de pointe selon l’une quelconque des reven-
dications 1 à 3, dans laquelle la partie externe et la
partie interne de la pointe sont intégrées dans une
partie commune.

7. Unité de pointe selon l’une quelconque des reven-
dications précédentes, dans laquelle l’unité de poin-
te est fixée à la pale d’éolienne au moyen d’un ad-
hésif.

8. Unité de pointe selon l’une quelconque des reven-
dications précédentes, dans laquelle le matériau iso-
lant utilisé pour la coulée comprend au moins un
matériau de la liste comprenant : des matériaux po-
lymères, des nanocomposites polymères, des ma-
tériaux thermoplastiques, des matériaux thermodur-
cissables, des mousses isolantes ou toute combi-
naison de ceux-ci.

9. Unité de pointe selon l’une quelconque des reven-
dications précédentes, dans laquelle la partie exter-
ne de la pointe est constituée au moins en partie de
cuivre ou d’un alliage de cuivre.
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10. Unité de pointe selon l’une quelconque des reven-
dications précédentes, dans laquelle la partie exter-
ne de la pointe est constituée au moins en partie
d’acier.

11. Unité de pointe selon l’une quelconque des reven-
dications précédentes, dans laquelle la partie exter-
ne de la pointe est constituée au moins en partie
d’aluminium.

12. Unité de pointe selon l’une quelconque des reven-
dications précédentes, dans laquelle la partie interne
de la pointe est constituée au moins en partie de
laiton.

13. Unité de pointe selon l’une quelconque des reven-
dications précédentes, dans laquelle la partie interne
de la pointe est constituée au moins en partie d’alu-
minium.

14. Unité de pointe selon la revendication 13, dans la-
quelle le conducteur d’unité de pointe interne est re-
lié mécaniquement et électriquement à la partie in-
terne de la pointe au moyen d’une connexion sertie,
telle qu’un sertissage par mandrin de contact.

15. Unité de pointe selon l’une quelconque des reven-
dications précédentes, dans laquelle l’au moins une
base réceptrice latérale est constituée au moins en
partie d’aluminium.

16. Unité de pointe selon la revendication 15, dans la-
quelle le conducteur d’unité de pointe interne et / ou
le câble électrique isolé sont connectés mécanique-
ment et électriquement à l’au moins une base récep-
trice latérale au moyen d’un sertissage par mandrin
de contact.

17. Unité de pointe selon l’une quelconque des reven-
dications précédentes, dans laquelle la géométrie
extérieure et les dimensions souhaitées de l’unité de
pointe à utiliser dans un type spécifique de pales
d’éolienne sont obtenues par la personnalisation
d’une unité de pointe standardisée ayant une certai-
ne géométrie prédéfinie et des dimensions minima-
les en ajoutant du matériau supplémentaire à la sur-
face extérieure de l’unité de pointe standardisée.

18. Unité de pointe selon la revendication 17, dans la-
quelle le matériau supplémentaire ajouté est le mê-
me matériau isolant que celui utilisé pour la coulée
de l’unité de pointe, et dans laquelle la coulée de
l’unité de pointe et l’ajout du matériau supplémen-
taire sont effectués en un seul processus.

19. Unité de pointe selon la revendication 17, dans la-
quelle le matériau supplémentaire ajouté est un ma-
tériau en mousse ajouté pour remplir la cavité entre

la coque interne d’une pale d’éolienne et une unité
de pointe standardisée disposée dans celle-ci.

20. Pale d’éolienne (2) comprenant une unité de pointe
(1) selon l’une quelconque des revendications pré-
cédentes.
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